ORIGINAL RESEARCH

PERFORMANCE

Daniel J Cipriani, PT, PhD*
Michelle Haines, MA*
Denise O’Rand, ATC, PhD*
Susan Levy, PhD*

NAJSPT

RELIABILITY AND VALIDITY OF A PARTIAL WEIGHT
BEARING MEASURE OF LOWER EXTREMITY

ABSTRACT

Background. Methods of measuring lower extremity
function is limited for those with partial weight bearing
(PWB) status in early phases of a lower extremity rehabil-
itation program.

Objectives. The purpose of this study was to measure
intra-rater reliability of two lower extremity PWB perform-
ance measures using an incline exercise apparatus and to
evaluate the concurrent validity and responsiveness to
change of these two measures.

Methods. Thirty-seven adult patients with lower extrem-
ity injuries were measured on two PWB measures (PWB20
and PWB30) of lower extremity performance as well as
several common measures of LE function. After initial
testing, subjects were asked to return for retesting, follow-
ing four to six weeks of rehabilitation intervention.
Reliability of the data from the measures was tested using
intraclass correlation coefficients (ICC); validity was based
on bivariate correlations of the measures. The minimal
detectable change (MDC) value and limb symmetry index
(LSI) were used to study the responsiveness of the PWB
measures.

Results. The ICC for the PWB20 and PWB30 were 0.95
and 0.98, respectively. The bivariate correlations of the
PWB20 with stair climbing and walking speed were
greater than those of the PWB30. Correlations ranged

* San Diego State University
San Diego, CA

from r = 0.49 to 0.72 between the PWB measures and the
functional measures. For most patients, their change in
score between initial testing and follow-up exceeded the
MDC; the LSI improved for all patients.

Conclusion. Using the incline apparatus yielded reliable
PWB data. In addition, performance on the PWB meas-
ures correlated fairly well with common measures of
function.
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INTRODUCTION

Functional performance tests (dynamic full weight
bearing tests) are useful predictors of lower extremity per-
formance, which in turn allows for development of a real-
istic prognoses.’” Functional performance tests include
the single legged hop for distance tests, stair climbing
tests, and walk tests, among others. Each of these tests is
supported by research in terms of the reliability of the
measures and the validity of the inferences made from
these tests.*® The common denominator is that the
patient must have full weight bearing status in order to
perform these tests. Currently few options exist to meas-
ure lower extremity performance of individuals with less
than full weight bearing ability. For instance, individuals
recovering from surgery (lower extremity total joint
replacement, anterior cruciate ligament reconstruction,
fixation after fracture, etc.) frequently initiate rehabilita-
tion under weight bearing restrictions. In other cases,
because of pain or weakness, performing traditional func-
tional weight bearing tests is not feasible early in the
recovery. A useful measure of lower extremity perform-
ance ability is essential for rehabilitation, treatment pro-
gression, and development of accurate prognoses of indi-
viduals with limited weight bearing status (i.e., partial
weight bearing, PWB). Unfortunately, clinicians are limit-
ed to either subjective evaluation, self-report, or non
weight bearing measures to estimate performance in indi-
viduals with restricted weight bearing ability.

Common forms of measurement of non weight bearing
performance include manual muscle testing, joint range
of motion (ROM), joint integrity measures (e.g., ligament
laxity testing), and isokinetic testing. While these tradi-
tional clinical examination techniques provide reliable
data, their reported predictive validities are low, as tests
generally demonstrate poor correlation to lower extremi-
ty functional performance."”*" For example, Kea et al’
examined the relationship between isokinetic testing of
hip abduction and adduction movements to a lateral hop
test for distance in elite hockey players. The relationship
between isokinetic measures of hip strength and the hop
tests was slight to poor (r=-.26 to .27). Kea et al’ conclud-
ed that function should not be predicted by joint-specific
strength tests. Additional studies reported a wide range of
correlations between isokinetic test measures and func-
tional performance measures ranging from r-values of
0.26 to 0.63, with most of these studies testing the correla-
tion of isokinetic measures to hop tests measures. In gen-

eral, the authors concluded that care must be exercised
when interpreting isokinetic measures of muscle perform-
ance in terms of functional performance."*"

Indirectly measuring the responsiveness of various lower
extremity performance measures, Worrell et al® used
isokinetic testing, along with maximum lateral step-up
repetitions, a leg press test, and two hop tests to measure
changes in subjects following a six week lower extremity
strengthening protocol. The protocol involved lateral step-
up exercises in full weight bearing. At the conclusion of
the study, all lower extremity performance measures
improved with the exception of the isokinetic test meas-
ures. Worrell et al”® concluded that the non weight bearing
isokinetic measure was not responsive to the changes
gained in a weight bearing exercise program.

While isokinetic tests provide reliable measures of muscle
strength, these tests do not show evidence of predictive
validity for weight bearing functional performance abili-
ty."*" The manual muscle test, while being an accepted
measure of leg strength, only measures static muscle
strength and does not predict dynamic activity of the
lower extremity.”” Hence, clinicians have limited options
to measure lower extremity performance in individuals
with PWB status.

An option worth consideration for measuring lower
extremity performance in PWB is a sliding incline device,
called the Total Gym, that was originally designed for par-
tial weight bearing exercise. Using the Total Gym, Munich
et al* examined two lower extremity performance meas-
ures in a PWB position. The two lower extremity perform-
ance tests evaluated by Munich et al” included the follow-
ing: 1) the number of one-legged squats performed in 20
seconds on the Total Gym; and 2) the time required to per-
form 50 one-legged squats on the Total Gym. The inten-
tion of these two measures was to evaluate lower extrem-
ity performance, using the one-legged squat test as the
definition of performance, in partial weight bearing.
According to Munich et al,* the test of one-legged squats
in 20 seconds was designed to indirectly measure power
of the lower extremity, and the 50 one-legged squats test
was designed to indirectly measure local muscle
endurance. All subjects were healthy young adults.

Munich et al* concluded that the sliding incline apparatus
was able to yield reliable data, with ICC values for intra-
tester reliability exceeding 0.80. However, the test-retest
reliability and inter-tester reliability of these measures, on
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a non-healthy population, has not been evaluated. In addi-
tion, the validity or application of this protocol to an
injured population has not been studied.

In the rehabilitation setting, clinicians are limited in their
ability to measure lower extremity PWB performance of
individuals with limited weight bearing ability. The PWB
tests studied by Munich et al* may provide an option for
the clinician in order to provide early assessment of lower
extremity performance in individuals with limited weight
bearing. However, before test efficacy can be assumed,
further data regarding the reliability and validity of these
tests in an injured sample needs to be determined.
Therefore, the purpose of this study was to measure the
intratester reliability of the partial weight bearing tests
described by Munich et al* with individuals recovering
from lower extremity injuries or surgery. In addition, this
study evaluated the validity of these PWB performance
tests, in terms of concurrent validity evidence and respon-
siveness to change, in patients with lower extremity
dysfunction.

METHODS

Subjects

Subjects were recruited from area orthopaedic surgery
offices and physical therapy offices by way of information
flyers that were distributed to these offices. Inclusion cri-
teria for this study were adult individuals, 21-65 years of
age, with a unilateral lower extremity dysfunction result-
ing from an injury or surgery. Subjects needed to be cur-
rently involved in some form of physical therapy or a
home program for rehabilitation. In addition, subjects
needed to be willing to report to the University’s research

Figure 1. The sliding incline apparatus with subject in
full extension.

laboratory for all data collection, on at least two separate
occasions, at least four weeks apart. Subjects were exclud-
ed if they were not able to walk independently and
ascend/descend stairs with full weight bearing, or if sub-
jects were non weight bearing on the involved lower
extremity. In addition, subjects were excluded if at least
0-90 degrees of knee flexion range of motion was not avail-
able at the time of testing. All subjects signed an informed
consent document, and this study was approved by the
University of San Diego State Institutional Review Board
for Human Subjects Research. Subjects were compensat-
ed monetarily for the time and expenses required to par-
ticipate in this study.

Apparatus

For the PWB performance tests, this study used a Total
Gym 26000 (Engineering Fitness International, San Diego,
CA). This device consists of a sliding board apparatus that
is mounted to a rail system. The rail system is fixed to a
vertical upright stand and the rail can be positioned at
angles of 10 degrees to 50 degrees to the horizontal (floor
surface). Positioning the sliding board at an angle of 50
degrees to the horizontal provides approximately 65% of
the individual's body weight as resistance (Figures 1 and 2)
according to manufacturer’s specifications and based on
the following.

The slide distance regulator (Engineering Fitness
International, San Diego, CA) was used to restrict the dis-
placement of the sliding board apparatus in the downward
direction. The slide distance regulator was also used in
order to control the total knee ROM during a single squat
repetition. A standard stop watch was used to record time
for all tests. A standard goniometer was used to record

Figure 2. The sliding incline apparatus with subject at full
allowable flexion of the knee.
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knee joint ROM during the PWB performance tests. A
standard tape measure was used to measure linear dis-
tance of the one-legged hop tests.

Procedures

Prior to any testing, subjects first performed single knee
squat repetitions on the Total Gym device with the
involved lower extremity, in order to determine an appro-
priate level for testing (i.e., angle of inclination and, there-
fore, appropriate body weight resistance), as well as to
assure that subjects could perform a knee squat through a
range of 0-90 degrees of knee flexion. The criteria for
inclination level was an ability to perform ten consecutive
one-legged squats without pause, through a ROM of at
least 0-60 degrees of knee flexion (Figures 1 and 2). This
ROM was selected because the range is necessary for nor-
mal stair climbing. However, the preferred test range of
motion was 0-90 degrees of knee flexion, in accordance
with Munich et al.* Ten repetitions were chosen for the
screening based on the investigators’ clinical experience
and the opinion that this would be a safe level for testing.
Once the appropriate inclination level, and the comfort-
able knee ROM were determined, the slide distance regu-
lator was secured to the sliding board in order to assure
that knee flexion ROM did not exceed the maximum knee
flexion available for that patient. Knee ROM was meas-
ured with the goniometer using accepted procedures.”

Subjects were then randomly assigned to a sequence of
lower extremity performance tests. The tests included the
following:

1) Repetitions completed during the 20 second test of sin-
gle leg squats on the Total Gym (PWB20)

2) Time (seconds) to complete the 30 repetition test on the
Total Gym (PWB30)

3) Time (seconds) to ascend a flight of stairs

4) Time (seconds) to descend a flight of stairs

5) Time (seconds) to walk 15 meters

6) Distance (centimeters) of a single one-legged hop

The sequence of tests were randomly determined using a
5 x 5 design; the stair climbing tests were considered as
one test in this design, given that subjects would natural-
ly need to descend and ascend stairs during a test.
However, for the purpose of data analysis, ascent and
descent scores were considered separately. Prior to test-
ing, subjects were provided warm-up times with either
walking or performing two-legged squat exercises, as
appropriate, on the Total Gym apparatus. Subjects were

provided three to five minutes of rest between each test.
On day one, subjects performed all tests in random order.
A subset of 15 subjects was selected randomly to perform
the tests a second time, on the first testing day, for test-
retest reliability analysis. All subjects were asked to return
for follow-up testing four to six weeks following the first
day of testing. The follow-up testing was to examine the
responsiveness, of the PWB performance tests, change in
status of the subjects. It was expected that changes would
occur in the patients, following four to six weeks of phys-
ical therapy or home exercise intervention. Given these
improvements, the PWB performance tests should also
reflect this improvement. While this study did not control
the interventions that were provided, it is reasonable to
expect that patients would improve over time. The
incline level and knee ROM of the PWB20 and PWB30
tests were maintained for the follow-up testing. The same
licensed physical therapist (20 years outpatient clinical
experience), trained in the administration of the PWB20
and PWB30 tests, performed all the measures of all the
patients.

Measures

Twenty-second Squat Repetition test on the Total Gym
(PWB20)

This test involved the subject performing as many single-
leg squat repetitions as possible in a 20 second time peri-
od. The subject squatted from 0 degrees of knee extension
to a maximum of 90 degrees of knee flexion (Figures 1 and
2). If'the subject was unable to flex the knee to 90 degrees
the subject was asked to flex to a comfortable position.
This position was measured with a 12-inch goniometer,
using standard procedures as described by Norkin and
White,* for knee ROM measurement, and the slide dis-
tance regulator was used to assure that knee ROM did not
exceed the maximum comfortable level of knee flexion.
The subject was instructed on how to perform the proper
squatting technique and he/she was asked to practice the
squatting technique prior to beginning the test. Subjects
were instructed to move from an extended knee position
into a flexed knee position until the subject felt minor
resistance from the slide distance regulator. After becom-
ing familiar with the test, the subject rested for one
minute before starting the actual test. Subjects were
encouraged to squat at the fastest pace they felt safe
performing. During the test, the researcher counted the
number of squats performed by the subject in a 20-second
time period.
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Timed 30 single leg squat repetition test (PWB30)

This test required the subject to perform 30 single leg
squat repetitions on the Total Gym. Thirty repetitions
were chosen in place of the original 50 repetitions because
pilot testing demonstrated that 50 repetitions required too
much effort from a patient in the early stages of recovery.
The actual procedures are identical to the PWB20, with
the exception that subjects were instructed to continue
squatting until 30 full repetitions were completed. The
time (seconds) required to complete 30 repetitions was
recorded by the investigator. In the event that a subject
needed to stop and rest or slow down, the time continued
to be recorded until all 30 repetitions were completed.
Five subjects needed to stop and rest momentarily during
the first day of testing; rest was not needed for any subject
during the follow-up testing four to six weeks later.
Subjects were encouraged to squat at the fastest pace they
felt safe performing.

Timed ascending stair test (Stair UP)

This test required the subject to ascend a single flight of
stairs (24 steps). The subject was instructed to ascend the
stairs as rapidly as possible while remaining safe. The
researcher used a stopwatch to determine the amount of
time (seconds) the subject took to ascend the fight of
stairs. Subjects could use an assistive device (straight cane
or quad cane) and the railing, if needed.

Timed descending stair test (Stair DOWN)

This test required the subject to descend a single flight of
stairs (24 steps). This test followed the Stair UP test for all
participants. On completion of the Stair UP test, the sub-
ject was then instructed to descend the stairs as rapidly as
possible while remaining safe. The researcher used a
stopwatch to determine the amount of time (seconds) the
subject took to descend the fight of stairs. Subjects could
use an assistive device (straight cane or quad cane) and
the railing, if needed.

Walk test

For this test, the subject was asked to walk 30 meters at a
comfortable pace. During the 30-meter walk, two distinct
points, 15 meters apart, were used for measurement of
walking speed. When the subject’s heel reached the first
mark, the researcher started the stopwatch. The stop-

watch was stopped when the subject’s heel reached the
second mark, and the time (seconds) was recorded.

Single-leg hop test

To complete this test, subjects performed a maximal
single-leg hop. The subject was instructed how to proper-
ly perform the test. Prior to the test, the subject performed
two practice hops. The subject began the test with toes
behind a starting line, and a maximal hop was performed.
Upper extremity movement and position were not con-
trolled by the researcher. The researcher then measured
the distance from the starting line to the subject’s heel.
The single-leg maximal hop was conducted two separate
times during the actual test. The maximal distance of
these two, or best score, was used for data analysis.

Additional data

The subject’s age, gender, diagnosis, onset of injury (i.e.,
time since injury), and treatment type (i.e.,, home pro-
gram or formal clinical physical therapy) were recorded.
This information was self-reported by the subject.

Data Analysis

Reliability study

Relative and absolute reliability of the data from the PWB
performance tests (PWB20 and PWB30 tests) and function-
al tests was estimated using the test-retest data of day one.
Relative reliability measures the test-retest consistency of
the data by establishing a coefficient value (intraclass
correlation coefficient). This coefficient value is then com-
pared to an established criteria for acceptable reliability.
Absolute reliability involved estimating the actual error in
the measure, in the original units of measure. The
absolute reliability provides information regarding the
expected error in the measure. Re-testing occurred
approximately 30 minutes following the initial test. In
order to evaluate the relative reliability of the data the
Intraclass Correlation Coefficient (ICC 3,1) was used to
estimate intrarater reliability.** A lower one-sided 95%
confidence value was constructed using SPSS version 11.0.
It is the lower bound value of the 95% confidence interval
that is of clinical importance for the ICC, because this rep-
resents the lowest possible relative reliability. In order to
estimate absolute reliability of the measures, the standard
error of measurement (SEM) was estimated based on:
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s,is the standard deviation of the measure and rx, was the
ICC derived in the testretest portion of the study. An
upper one-sided 95% confidence value was constructed for
the SEM.* Tt is the upper bound value of the 95% confi-
dence interval that is of importance clinically for the SEM,
because this represents the highest possible value of error
in the measure. The SEM was then used for the calcula-
tions of the minimal detectable change (MDC) with a 95%
level of confidence, based on the procedures described by
Stratford et al.** The MDC is an estimate of the absolute
change in a measure that is required to be clinically mean-
ingful. The MDC95 was estimated using the following
formula:

In this case, z = 1.96 is the z-score associated with a 95%
confidence interval, and the value of 2.0 is a correction fac-
tor accounting for error over two testing occasions.” The
MDC was used to estimate the 95% confidence in the data
that a clinically significant change occurred over time.

Validity study

Two elements of validity evidence were examined: concur-
rent validity evidence and responsiveness to change valid-
ity evidence. Concurrent validity evidence was assessed
by comparing the PWB performance tests of the involved
leg with known measures of function that included walk-
ing speed, stair ascending/descending speed, and hop per-
formance. The values of all tests were evaluated using the
Pearson's product moment correlation coefficient for
bivariate correlations. Responsiveness validity evidence
was examined using two procedures: 1) a two-factor (2x2)
analysis of variance (ANOVA) compared the rate of change
of the involved leg with the uninvolved leg (i.e., known
groups method) on the PWB performance tests; and 2) a
simple repeated measures ANOVA compared the relative
change scores of the involved leg on the PWB performance
tests with the relative change scores of the known meas-
ures of function (walking speed, stair ability speed, and hop
distance). Paired t-tests, comparing the initial measure-
ment values with the follow-up values, were also used to
test whether sub-

obtaining the ratio of the involved leg raw score with the
uninvolved leg score on the PWB performance tests, for the
PWB performance tests. The limb summary index is a use-
ful measure in that it accounts for changes in both lower
extremities (i.e., involved and uninvolved) over time, to
estimate the relative performance of the involved limb
compared with the uninvolved limb.” The limb summary
index at initial test was then compared with the limb sum-
mary index at follow-up using a simple repeated measures
ANOVA, and planned repeated contrasts were used to test
for differences between the PWB20 and PWB30 limb sym-
metry index (LSI) values.

RESULTS

Subject Demographics

Forty-four subjects originally volunteered to participate in
this study. Seven subjects were excluded because they pre-
sented with bilateral lower extremity symptoms. Thirty-
seven subjects completed the initial testing. Fifteen of
these subjects were retested on the initial day to assess reli-
ability of the data. Data from the 15 subjects were used for
the reliability study and data from the 37 subjects were
used for the correlation matrix. Of the original 37 subjects,
only 23 subjects completed the second phase of testing
after four to six weeks for follow-up. Data from the 23 sub-
jects who completed both the initial and follow-up testing
were used for the responsiveness to change analysis. The
14 subjects who did not complete the follow-up were
excluded because they were not involved in any form of
rehabilitation (i.e., formal clinical therapy or home thera-
py, n = 12) or they did not return for follow-up (n = 2).
The two subjects who did not return for follow-up did not
want to travel the distance for the follow-up test. Data of
the remaining 23 subjects were then used for the respon-
siveness to change analysis. Eight of these 23 subjects
maintained a regular physical therapy rehabilitation pro-
gram, while 15 subjects continued with a home exercise
program.

Table 1 provides the demographic information of the
subjects, including

jects improved on Table 1: Subject descriptive statistics age, Sex, and time
he four m res of since original
the Qu Casures o Session n Female Age(sd) Days since onset (sd) Receiving physical therapy L. g.
function. injury/dysfunction.
Initial 37 622% 49.8 (14.7) 155.6 (164.9) 10/37 Table 2 provides a
Finally, the limb o
symmetry index was | FOlow-up 23 61.0% 48.4(13.1) 153.9 (164.3) 8/23 distribution of .the
Yl oy " self-reported diag-
A . .
calculateq, y Reliability 15 60.0% 49.1 (14.2) 154.8 (164.4) 5/15 noses of the SU.bJCCtS
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as a list of the phys-

Table 2: Distribution of diagnoses, by self-report, at initial test of study and at follow-up.

significant at p <
0.05. Negative corre-

ical diagnoses by
self-report of all sub-

lations were identi-

Self-Report Diagnosis Initial (n) Follow-up (n)
jects. Knee joint fied between the
. Knee joint pain 10 5 _
palr.l refers to those Patella-femoral dysfunction with/without lateral release 8 4 number  of One_
subjects who report- Anterior cruciate ligament reconstruction 7 6 legged squat repeti-
ed either “arthritis” | Total knee arthroplasty . 6 4 tions that a subject
) Achilles tendon rupture and repair 2 2 .
or ‘“internal knee | Iiotibial band syndrome 2 0 could perform in 20
pain” as their reason Tibial plateau fracture 1 1 seconds with the
. Hamstring tear 1 1 .
for physical therapy time needed to walk
consultation. The | Total 37 23 or ascend/ descend

time, in days, of
onset was estimated
by each subject. For

stairs (r = -0.72 to -
0.60). Hence, repeti-
tions were inversely

surgical cases (i.e.,

knee joint replacement, ACL surgery, etc.), the date of sur-
gery served as the time since onset. For all other condi-
tions, acute and chronic, the subject provided a best esti-
mate of duration of symptoms.

Finally, an insufficient number of subjects completed the
hop test (n = 8), prohibiting any meaningful statistical
analyses. Hence, findings on the hop tests are not includ-
ed.

Reliability Study

The ICC’s for the PWB performance tests, walking time,
stair times, and hop test are reported in Table 3. All point
estimates for the ICC's were greater than 0.90, and the
lower bound of the 95% confidence interval exceeded 0.70
for all measures."” In addition, Table 3 provides the SEM for
the PWB performance tests. Based on the SEM, the MDC90
is also presented in Table 3 for the two PWB performance
tests.

related to time; more
repetitions in 20 seconds were related to less time needed
to walk or ascend/ descend. Similarly, a positive correla-
tion was identified between the time required to complete
30 one-legged squat repetitions and the time needed to
walk and ascend/descend stairs (r = 0.61 to 0.49). In all
cases, the PWB20 test had slightly higher bivariate correla-
tion coefficient values than the PWB30 test, with the three
measures of function. As expected, the two PWB perform-
ance tests were correlated with each other (inversely), and
the stair climbing tests were correlated with each other.
Walking was also correlated with stair climbing.

Responsiveness to change

Follow-up testing of the four performance tests and the two
PWB performance tests occurred on average 30.27 days (sd
= 2.94 days) post initial test with a minimum and maxi-
mum of 27 and 36 days, respectively. Subjects were tested
at the same level on the Total Gym as their initial test Total
Gym level. All subjects were initially tested at either level
8, 9, or 10, which coincided with 50-65% of body weight, on

Validity Study . the Total Gym.
Concurrent validity Table 3: Intraclass correlation coefficients (ICC), standard error of measurement (SEM), Follow-up testing
T.he 'results of )Fhe and minimal detectable change (MDC) for select measures. (n = 15) was performed at the
bivariate correlation same level. Average
analysis testing Measure ICC (lower 95% CI) SEM (upper 95% CI) MDC Kknee ﬂexi(.)n for §11
Ei\t]‘geen fthe two | "pwB20 0.95 (0.83) 135 (1.86) 3.74 PWB performance
erformance
tests aI; d the four | PWB30 0.98 (0.88) 1.23 (1.78) 341 tests  was - 70.22
degrees (sd = 4.07
measures of func- | Walk Time 0.99 (0.97) degrees) with a mini-
tion, on thfa initial Stairs UP 0.98 (0.96) mum and maximum
day of testllng, are _ of 60 degrees and 83
presented in Table | Stairs DOWN 0-96.092) degrees. The results
4. All correlation | Hop Distance 0.97 (0.78) of the two-way
coefficients were

North American Journal of Sports Physical Therapy | Volume 4, Number 2 | May 2009 | Page 55




repeated measures
ANOVA for the

Table 4. Correlation matrix for all measures. (n = 37)

the PWB20 was greater
than the LSI of the

PWB20 test and for PWB20. PWB30 - Stairs Sk PWB30 at both the initial

the PWB30 test PWB20 - 0.78 20.60 0.61 0.72 test and at follow-up (p

revealed that the < .05).

. PWB30 0.50 0.61

involved leg demon-

strated significantly Stairs UP 0.96 0.78 DISCUSSION

greater changes in Stairs DOWN 0.78 The purpose of this

performance com- Walk study was to evaluate the
a

pared with the unin-

measurement properties

volved leg (p < .05

of two PWB measures of

for the interaction
term in both PWB performance tests). Table 5 provides the
mean values at initial and at follow-up for the two PWB per-
formance tests. In addition, pairwise t-tests revealed that
all subjects improved in walking speed, stair climbing
speed, and hop distance (p < .05). Mean measures for ini-
tial and follow-up are also displayed in Table 5 for these
measures. Finally, the absolute change values are
reported, for compari-

lower extremity per-

formance. The two tests, both involving a single legged
squat, were performed on a Total Gym, a device that
allowed the measures to be performed at less than 100%
of the subject’s body weight. In fact, all subjects per-
formed the PWB tests at approximately 65% of body
weight. The measurement properties evaluated included
absolute and relative reliability, as well as validity evi-
dence in the form of

son to the MDC95. Table 5. Mean measures for the partial weight bearing performance tests and the concurrent validity

. and responsiveness to

Relative change of each measures of function (sd). P
. change. A heteroge-
of the functional tests . .

X . Test Initial FO"OW-UP Absolute Relative neous Sample Of
was similar to the rela- Change Change (%) ] ot )
tive change in the PWB20 Uninvolved  22.1 (5.5) 23.0(6.2) 1.1(1.6) 417 patients participated in

this study, with lower
PWBP tests for the PWB20 Involved 17.1(5.7) 21.9 (6.7)* 48(2.7) 28.1 . .
involved lower extrem- extremity conditions
?HVO ve. 0 PWB30 Uninvolved  30.4 (9.1) 29.3(9.3) 1.1(1.4) 3.7" ranging from
ity. Simple repeated
measures to test these PWB30 Involved 432 (24.3) 33.9 (12.9)* 9.2(6.3) 27.4 patellofemoral
. dysfunction to total
values revealed no sig- | Stair UP 13.3 (5.9) 10.7 (4.1)* 2.7(3.0) 243
£ iff . knee arthroplasty sur-
nificant differences 1M | g pown 14.0 (7.3) 115 (6.5)* 2.6 (2.5) 217 gery
relative change scores a0 6628 s 00 ‘
Walk 102 (2.7) 62 1.8 (1. 19. ) ]
(p > .05). Table 5 pro- The relative intra-
vides the relative LSI PWB20 77.3 (9.7) 95.2 (7.9)* 17.9 (8.9) 23.0 tester test-retest relia-
change for each meas- LSI PWB30 70.3 (21.1) 86.4 (17.4)* 16.1(7.7) 23.0 bility of the two PWB
ure, expressed as a per- ia-
) €XP P. PWB20 = repetitions rr.l(?asure.s assures relia
centage. The unin- PWB30, Stair, Walk = time (sec. bility, with ICC values
)
volved limb relative | LSI=limbsymmetryindex (%) exceeding 0.90.* In
. * Significantly different from initial values, p <.05. .
change scores were sig- T Significantly less than all other relative change estimates, p < .05. addition, the absolute

nificantly less than the
other relative change
scores (p < .05). Finally, the limb symmetry index for the
PWB performance tests changed significantly when tested
with a simple repeated measure ANOVA (p < .05). Based
on the planned repeated contrasts, the LSI increased from
initial test values to the follow-up values (Tuble 5), for both
the PWB20 test and the PWB30 test (p < .05). The LSI of

reliability, as estimated
with the SEM, was also excellent, with upper 95% SEM
values less than 2.0 for either measure (i.e., PWB20 or
PWB30). The ICC values exceed those reported by
Munich et al.” Tt is likely that the heterogeneous sample
in this current study contributed to the improved ICC val-
ues. Munich et al” used a homogeneous sample of col-
lege-aged healthy adults. In addition, the test-retest ses-
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sion for this current study was separated by only 30 min-
utes, whereas the Munich et al* study performed re-testing
one full week later. Regardless, the ICC values and the low
SEM suggest that the two PWB performance tests provide
reliable data in terms of intra-tester reliability.

Concurrent validity evidence was estimated by correlating
the PWB performance test measures with measures of
walking speed, stair climbing and descending speed, and
maximum one-legged hop distance. The data from the ini-
tial test were used to evaluate these relationships. This
study found correlations between the PWB performance
tests and the functional tests. In fact, the correlation coef-
ficients were higher than those found for isokinetic test-
ing.'*” This finding is not surprising given that the PWB
performance tests involve the entire lower extremity
(ankle, knee, hip), whereas the isokinetic tests used in pre-
vious studies were measures of isolated lower extremity
muscle group function. The PWB performance tests more
closely replicate the interaction between multiple joint sys-
tems during a functional activity, and hence the measures
of the PWB performance tests better correlate with walking
and stair climbing speed, compared with single joint sys-
tem tests. In addition, as noted by Aasa et al,® body size
influences muscle strength assessment. Isokinetic tests are
dependent on leg/limb mass whereas the PWB perform-
ance tests are dependent on total body mass.

The direction of the correlations for the PWB performance
tests with the functional measures of walking and stair
climbing also make sense. For instance, the PWB20 test,
which is a measure of maximum repetitions, demonstrated
negative correlations with walking speed and stair climbing
speed. The more repetitions a person could complete in 20
seconds, the less time that person would need to walk the
established walk distance and to ascend/descend a flight of
stairs. Conversely, the PWB30 test positively correlated
with these functional measures. The less time needed to
complete 30 repetitions of the PWB30 test, the less time
needed to also walk a set distance and ascend/descend a
flight of stairs.

This study was not able to evaluate the relationship
between the PWB performance tests and one-legged hop
ability. Only eight subjects were able to complete the hop
trials. The hop tests were considered too advanced by most
of the subjects, at their present stage of recovery.

Additional validity evidence was estimated in the form of

responsiveness to change. Worrell et al'® noted that isoki-
netic testing may not be responsive to changes in lower
extremity function, when weight bearing exercise protocols
are involved in the rehabilitation. The two PWB perform-
ance tests demonstrated good responsiveness to change.
The MDC values of 3.74 and 3.41, respectively, of the
PWB20 and PWB30 were exceeded by the average absolute
changes on both measures (4.8 and 9.2, respectively).
Hence, the PWB performance tests are able to measure
improvement/change in patients’ lower extremity func-
tion, if indeed changes have occurred because of rehabilita-
tion and/or time. Initial test and follow-up test measures
on the PWB performance tests were significantly different
from each other, as were walking speed and stair climbing
speed. All measures improved significantly. In fact, rela-
tive changes for all measures were similar (p > .05).

Additional responsiveness evidence is provided by the
change in the limb symmetry index (LSI). It was expected
that the LSI would improve, given that the uninvolved
lower extremity was not expected to improve as well as the
involved lower extremity. In this study, the uninvolved
lower extremity did not demonstrate any significant
changes on the one-legged tests (PWB performance tests).
Thus, the LSI improved significantly, based on both PWB
performance tests. The initial test LSI of our subjects are
comparable with those reported by Wilk et al,” when test-
ing leg strength isokinetically. In their study, the LSI based
on isokinetic testing was less than 85% in the majority of
their subjects. Following four to six weeks of time, the sub-
jects in this study demonstrated improved performance of
the involved lower extremity, greater than the changes in
the uninvolved lower extremity, as evidenced by the
improved LSIL.

Several limitations exist to this current study. The type of
rehabilitation that each patient received was not controlled.
In addition, the influence of rehabilitation approaches and
lack of formal rehabilitation in terms of the outcomes
achieved was not accounted for. In fact, as noted in the
results, only eight of the 24 returning subjects received for-
mal physical therapy. The majority performed physical
therapy prescribed home exercise programs. Another lim-
itation is the wide range of diagnoses included in this study.
Given that the average time since onset was nearly four
months, whether the PWB performance tests are better
suited for acute or chronic conditions could not be deter-
mined. Future research should evaluate the PWB perform-
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ance tests on individuals with acute conditions separately
from chronic status, as well as analyze patients by diagnos-
tic groups. Finally, even though the PWB performance tests
are intended for the early stages of recovery and for indi-
viduals with PWB status, the subjects in this study had full
weight bearing (FWB) status. The FWB status was neces-
sary in order to test walking speed and stair climbing speed
for the concurrent validity evaluation. Yet, even with FWB
status, only eight of the original 37 subjects were willing to
perform the hop tests. The hop tests were either consid-
ered too aggressive or subjects were afraid to try to hop.
While this is a limitation to our study, it is also evidence of
the need for a controlled weight bearing measure of per-
formance.

Hence, in order to determine if the PWB performance tests
are appropriate for a patient population with acute presen-
tation or PWB status, future research is needed that
involves this population. Our study included individuals
with lower extremity pathology, however, all were FWB.
Further research is needed on a sample of patients with
actual PWB limitations.

CONCLUSION

Two partial weight bearing one-legged squats tests were
evaluated for measurement properties of reliability and
validity. The two partial weight bearing performance tests,
the PWB20 and PWB30, demonstrated sufficient intrarater
test-retest reliability. In addition, this study provides evi-
dence of validity of these measures to estimate lower
extremity performance. The two tests correlate with walk-
ing and stair climbing speed. In addition, the two tests are
responsive to changes in condition and provide an indica-
tion of leg symmetry. These partial weight bearing
performance tests might be suitable for the orthopaedic set-
ting, as a means of patient examination of function in a
partial weight bearing position. Clinicians should use cau-
tion in interpreting the findings of an evaluation with the
partial weight bearing performance tests until further
research with specific patient populations and acute status
have been completed.
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